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In 1994 Parnovsky, Karachentsev and Karachentseva suggested a modified method for the in-
vestigation of the orientations of galaxies. Using this method they analyzed galaxies from the UGC
and ESO catalogues, as well as from their own catalogue inclusive of flat edge-on galaxies. They
found statistically significant anisotropy in the galaxies orientations. In 1995 Flin suggested that
this anisotropy has to be specific to Local Supercluster (LSC). In the present paper, using the
method proposed by Parnovsky, Karachentsev and Karachentseva in 1994, we analyzed the orien-
tation of galaxies in the sample of galaxies belonging to LSC founding a weak anisotropy only. The
relation of this method to Hawley and Peebles (1975) method of the investigation of the orientation

of galaxies was discussed as well.
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I. INTRODUCTION

The analysis of the anisotropy in galaxy orientation
has a long history. Usually two main methods for study of
the galaxy orientations’ have been introduced. The first
one is based on the analysis of the galactic image ma-
jor axis, i.e. analysis of the galactic position angles was
proposed by Hawley and Peebles [1]. Another one based
on the idea of Oepik [2], investigates the de-projection of
the galaxy images taking into account also the galaxy’s
inclination with respect to the observer’s line of sight
i. This method was applied by Jaaniste & Saar [3] and
significantly modified by Flin & Godlowski [4-7] (see al-
so [8]).

In 1994 Parnovsky, Karachentsev and Karachentse-
va [9] suggested a new method for investigating the distri-
bution of the orientations of galaxies. This method was in
fact simply a modification of the Hawley’s and Peebles’s
[1] approach. Parnovsky, Karachentsev and Karachentse-
va processed the data from the UGC [10] and ESO [11]
catalogues, and from their own catalogue inclusive of flat
edge-on galaxies (FGC) [12]. They detected statistically
significant anisotropy in the orientation of galaxies. They
described the orientation distribution by a three-axis el-
lipsoid, showing an excess of about 20% in the direction
4P — 6", 20°—40°, and a deficit of about 25% in the direc-
tion 13" — 15", 30° —40° [9]. The authors recognized that
this observed anisotropy has a global character, at least
in the sense of the survey extend. This was generally con-
sistent with the earlier results of Fliche and Soriau [13]
concerning the orientation of extended galactic HI en-
velopes and the “cosmic pole” detected in the analysis
of remote quasars (5"30™, 7°). Later, Flin [14] analyzed
their results and argued that these results indicated that
the observed anisotropy is consistent with the results ob-
tained previously by Flin and Godlowski [4] and has not
got a global character, instead was connected with the

alignment of galaxies in LSC.

The method of Parnovsky, Karachentsev and
Karachentseva [9] was rather neglected in the future
papers with one exception of the Parnovsky et al. analy-
sis of the orientation of galaxy pairs [15]. In the present
paper we decided to use the method proposed in [9] for
analysing a sample of galaxies belonging to the LSC
and finding a weak possible alignment only. The aim of
our paper is repeat the Parnovsky, Karachentsev and
Karachentseva [9] investigation using their method on
the samples of galaxies with certain membership of Local
Supercluster.

II. OBSERVATIONAL DATA

In our work we studied the 2D-projected alignment of
the galaxies in the LSC. A sample of galaxies was tak-
en from Tully’s Nearby Galaxies (NBG) Catalogue [16].
This Catalogue contains 2367 galaxies with radial ve-
locities less than 3000kms~!. Tully’s Catalogue pro-
vides a relatively uniform coverage of the entire un-
obscured sky [17]. Galaxies position angles were taken
from [10, 11,18, 19], while some missing measurements
were made on PSS prints by Piotr Flin [7]. The galaxies
distances were very well and in a uniform manner deter-
mined. As a result, the lists of galaxies were free from
the background objects. It is crucial in such a type of
the analysis.

III. METHODS OF THE INVESTIGATIONS

The idea of the Parnovsky, Karachentsev and
Karachentseva [9] method is the analysis of the distri-
bution of the position angles in different coordinate sys-
tems. They assumed the equatorial coordinate system as
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a fundamental coordinate system and later the position
of the coordinate system pole was varied, both in o and
0. Our interest is to find the position angles p’ in a partic-
ular coordinate system with respect to a pole at (c, dp).
The Parnovsky, Karachentsev and Karachentseva func-
tion F' is defined as follows [9]:

179

F(a,d) = NZNk cos 2p}., (1)
k=0

where Ny is a number of galaxies with position angle p’.
The variance of F is given by formula [15]:

o?(F) = 8N ~1(179/180)%. (2)

However, one should note that analyzed in [9] Func-
tion F is a special case of Hawley and Peebles [1] Fourier
Test. The idea of this test is as follows. If the deviation
from isotropy is a slowly varying function of the angle 6
(in our case 8 = p’) then,

N = N07k(1 + Aq1 cos 20y + Aoy sin 29k) (3)

and we obtain the following expressions for the A;; co-
efficients [5, 6,20, 21]:

ZZ:l (Nk — NO,k) COS 20k

A1 = ,
H > r—q Noi cos? 20y,

(4)

" (N — N, in 20
Agy = 2za B — Nou) 20y (5)
> ke No,k sin” 20,

where N} is the number of galaxies with orientations
within the k-th angular bin, while Ny, denotes the ex-
pected number of galaxies in the k-th bin. In the case of
analysing the distribution of the position angles all No j
are equal Ng, which is also the mean number of galaxies
per bin. It is easy to see that Function F' is in this case is
strictly related to Aqq coefficient: F' = 2A;; (see [21,22]
for details).

In our paper instead of the equatorial coordinate sys-
tem we used another, supergalactic coordinate system
(Flin and Godlowski [4]) as a fundamental coordinate
system, and the position of the coordinate system pole
was varied (by 5° at a time), both in supergalactic lati-
tude B and longitude L.

IV. THE RESULTS

Our main results were presented on Figs. 1-3. On
Fig. 1 we presented Function F' [9] for galaxies from Tul-
ly’s NGC Catalogue depending on morphological types,
while the results for Fig. 2 were restricted only for galax-
ies with reliably measured position angles. On every map
we presented the value of the analyzed function F' with
respect to the chosen cluster pole, divided by its formal
error o(F). In other words, the parameters f = F/o(F)
were mapped. The cluster pole coordinates change along
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the entire celestial sphere. The resulting maps were ana-
lyzed for the correlations of their maxima with important
points on the maps. The maximum in f function means
that we have an excess of galaxies with position angles
pointing in this direction. The minimum in f function de-
notes a deficit of galaxies with position angles pointing
in the particular direction. There is a clear interpretation
for edge-on galaxies — minimum in position angles means
an excess of normal to galaxy plane (taken as rotation
axis of galaxies) pointing in the analyzed direction.
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Fig. 1. Maps of f = F/o(F) versus the chosen cluster pole
in supergalactic coordinates (L, B) for NGC galaxies. The
maps are presented for ALL galaxies (upper panel), for S
(middle panel) and NS (bottom panel) sub-samples. On the
map we indicated the important position, the direction to the
Local Supercluster centre (point).

One can see from Fig. 1, that only for spiral galaxies
(S) we obtained the 20 extremum. Maximum is pointed
near to the Local Supercluster plane in the longitude L
of about L = 270°, while minimum is pointed to the di-
rection perpendicular to the LSC plane. If we restricted
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our sample to the galaxies with certainly measured posi-
tion angles (Fig. 2) the result was similar but the effect
is much stronger, i.e. we observed 20 extremum even
for all galaxies. Separately we analyzed a sample of 2227
UGC/ESO galaxies [5,6] (Fig. 3). The results for that
sample were the same as for NGC galaxies but positive
extremum for all and spiral galaxies is on 3¢ level.
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Fig. 2. The maps of f = F/o(F) versus the chosen clus-
ter pole in supergalactic coordinates (L, B) for NGC galaxies
with reliably measured position angles. The maps were pre-
sented for ALL galaxies (upper panel), for S (middle panel)
and NS (bottom panel) sub-samples. On the map we indicat-
ed the important position, the direction to the Local Super-
cluster centre (point).

Our results — the minimums of f function in the di-
rection perpendicular to the LSC plane for spiral galax-
ies (S) — are in agreement with the results obtained by
Aryal and Saurer [23]|, who found a weak preference of
spin directions for the spiral galaxies belonging to the
Local Supercluster. They found that the spin vector ori-
entations of the spiral galaxies in the LSC tend to be
oriented perpendicular to the LSC plane.
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Fig. 3. The maps of f = F/o(F) versus the chosen cluster
pole in supergalactic coordinates (L, B) for UGC/ESO galax-
ies. The maps were presented for ALL galaxies (upper panel),
for S (middle panel) and NS (bottom panel) sub-samples. On
the map we indicated the important position and the direc-
tion to the Local Supercluster centre (point).

V. DISCUSSION AND CONCLUSIONS

We analyzed a sample of galaxies belonging to
the Local Supercluster using Function F' proposed by
Parnovsky, Karachentsev and Karachentseva [9]. We
found an excess of galactic position angles pointing to
the LSC plane in the direction of about 270° and a deficit
of galaxies with the position angles perpendicular to the
LSC plane. This effect is a weak one and connected with
spiral galaxies. Our results are in agreement with Aryal
and Saurer [23] suggestion, who found a weak preference
of galactic spins for spiral galaxies, in the direction per-
pendicular to the LSC plane.

In our opinion the function proposed in [9] is useful
but using the full Peebles Fourier test (see for exam-
ple [1,4-8,23-25]) being more adequate because of ex-
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ploring not only Peebles coefficient Aj; but complete
information connected with a slowly varied function of
angle 0, Ny = N07k(1 + A11 cos 20y + Aoy sin 20, . . )

The possibility of the existence of a large-scale align-
ment suggested by Parnovsky et al. [9] needs more stud-
ies in the future. Recently some other papers implied
such possibilities. Paz, Stasyszyn and Padilla [26] analyz-
ing galaxies from the Sloan Digital Sky Survey Catalogue
found that the galaxy’s angular momenta are aligned
perpendicularly to the planes of large-scale structures,
while there is no such an effect for the small-scale struc-
tures. They interpret this as consistent with their sim-
ulations based on the mechanism of tidal interactions.
Jones, van der Waygaert and Aragon-Calvo [27] found
that the spins of spiral galaxies located within cosmic
web filaments tend to be aligned along the larger axis
of the filament, which they interpret as “fossil” evidence
indicating that the action of large scale tidal torques af-
fected the alignments of galaxies located in cosmic fila-
ments.

The evidence for the structural anisotropy of the
small-large galaxy structures inside of the deep-field sur-
veys likely for example the Jagellonian field [28], was
presented in [29], where the method of the effective
ellipse of inertness was applied [30]. The statistically
significant anisotropy for the galaxy groups and clus-

ters orientations inside the cone of the Jagellonian field
R ~ 3000 Mpc is in the range 105-120 deg. [29]. It al-
so should be noticed that Mandzhos et al. [31,32], dur-
ing the analysis of UGC [10] (north hemisphere) and
ESO [11] (south hemisphere) galaxies, found that galax-
ies major axes are distributed anisotropically.

Other possibilities of a large-scale alignment were
found in the series of papers by Hutsemekers [33-35] from
analysis of the alignment of quasar polarization vectors.
In the paper Hutsemekers et al. [33] based on a sam-
ple of 355 quasars with a significant optical polarization
they found that quasar polarization vectors are not ran-
domly oriented over the sky. The polarization vectors
appear to be coherently oriented or aligned over huge
(~ 1Gpc) regions at the sky. Furthermore, the mean
polarization angle 6 appears to rotate with redshift at
the rate of ~ 30° per Gpc. While interpretations like a
global rotation of the Universe can potentially explain
the effect of the properties they observed qualitatively
correspond to the dichroism and birefringence predict-
ed by the photon-pseudoscalar oscillation within a mag-
netic field. The origin of this results is still discussed
and possible interpretations were provided for example
by Hutsemekers [34-36] and recently by Agarwal, Kamal
and Jain [37].
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JOCJIIIXKEHHS AHI3OTPOIIIL OPIEHTAIIIL TAJIAKTUK

B. Tomnoscki', O. Ianbko?, I1. Taiioscka®, IT. ®in®
L Inemumym gisuru Onoavcwrozo yrisepcumemy,
eya. Onecvka, 48, 45-052, Onose, Hoavwa
2 Aemporomiuna obcepsamopia imeni Kaninernkosa, Mukoaaiscoruti deporcasnut yrisepcumemn,
Muxonais, Yxpaina
3 Incmumym. isuru Onoavcokozo ywisepcumemy,
eya. Onecvka, 48, 45-052, Onose, Hoavwa
* Incmumym gisuru Yrieepcumemy imeni Ana Koxanoscvkozo,
eys. Ceenmoxwucka, 15, 25-406, Keavue, Ioavwa

Y 1994 pori JI. Ilapuoscbkuit, 1. Kapauennes i B. KapadeniieBa 3anpononysaiu MOAu(IKOBAHUN METOJ, /115t
JIOCJIJIZKEHHST OpieHTaIl] rajlakTHK. BUKOpUCTOByI0UM HOro, BOHU IIpoaHai3yBau rajakTuku 3 karajgorus UGC
Ta ESO, a Takox 31 CBOro BJIACHOTO KaTaJIOTy, MO BKJIIOYAE ILIOCKI, BUauMi 3 pebpa rajlakTuku. BoHM BUSABUIA
CTATUCTUYHO 3HAYYIILY aHI30TpOIi0 B opieHTalll rasakTuk. Y 1995 pori 1. @uin npumycTus, mo 15 aHi30TpOIIis
Mae OyTu xapakrepHorw st Micuesoro Hanckynaenns (MHC). V niit crarti, BAKOPUCTOBYOYH 3raJaHuil MeTOI,
MU TIPOAHAJI3yBa OPIEHTAIIIO TajlaKTUK, 1m0 Hasexarsb po MHC, i snaiinum junie ciabky anizorpormio. Mu
TaKOXK OBrOBOPIOEMO 3B’S30K IIHOIO METO/LY 3 METOJIOM JIOC/IKEHHs OpieHTaril rasaktuk Xoyu ta [ibaca (1975).
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